Abstract. Development and utilization of recycled aggregate concrete can solve the processing difficulties caused by a lot of waste concrete. Experiments results showed the higher replacement percentage of recycled aggregate concrete, the lower its bulk density. Both drying shrinkage degree and drying shrinkage sustained time of recycled aggregate concrete increase with increasing its replacement percentage. The ultimate bearing capacity of recycled aggregate concrete decreases as its replacement percentage increases. Elastic modulus of recycled aggregate concrete decreases with increasing its replacement percentage. The variation characteristics of deformation modulus and elastics modulus along with their replacement percentage are similar. Both of them decrease with increasing their replacement percentage. Deformation modulus of recycled aggregate concrete is more sensitive to the variation of its replacement percentage.
Introduction
Recycled aggregate concrete is made partly or completely of recycled aggregates. Recycled concrete technology has become one of research hotspots on concrete both at home and abroad. Development of recycled concrete can solve the processing difficulties caused by a lot of waste concrete and help to mitigate the ecological environment deterioration. Substitute of natural aggregate with waste aggregate can ease the increasing scarcity of natural aggregate for Chinese concrete industry. It is gainful to promote these green building materials and ensure sustainable the development of human society. With the development of China's economy and construction, a lot of construction waste caused by primary and secondary pollution has been a serious threat to our living environment, and it lead to an immeasurable loss to Chinese economy. Old cement mortar attached to recycled aggregate is generally considered as the main cause of poorer properties of recycled aggregate generally increases the drying shrinkage degree, creep and water absorption and decreases the compressive compared with those of natural aggregate [1] [2] [3] . Drying shrinkage degree, creep and water absorption of recycled aggregate concrete were larger than those of natural aggregate concrete, and lead to the decreases of its compressive strength and elasticity modulus [4] [5] [6] . Shi-cong Kou et al had studied the effect of the quality of parent concrete on the mechanics properties of high performance recycled aggregate concrete [7] . He get an conclusion that the concrete mixtures made with recycled aggregate are derived from parent concrete with higher strength which had lower drying shrinkage and higher resistance to chloride ion penetration. Several researches have studied the influence of recycled aggregate on concrete's properties [8] [9] [10] [11] . Other scholars had studied the static mechanical behavior and other properties of recycled aggregate concrete [12] [13] [14] . In the current research some new techniques such as Artificial Neural Networks, Model Tree and Non-linear Regression are used in studying the properties of recycled concrete. By those new methods, we can predict the strength of recycled aggregate concrete with limited number input and develop its corresponding models [15] . Six types of recycled aggregate concrete specimens were made for experiments on their mechanics characteristics in laboratory. Experiments were made on different replacement percentage recycled aggregate concrete, in order to get their stress peak, strain peak, elastic modulus and deformation modulus under axial loading. At last the relationship among them were analyzed.
Physical Characteristics of Recycled Aggregate Concrete

Apparent Density of Recycled Aggregate Concrete
As replacement percentage of recycled aggregate concrete increases, its apparent density decreases regularly. When the concrete aggregate was completely made from recycled aggregate, apparent density of recycled aggregate concrete is about 7.5 percent lower than that of natural concrete [16] . The reason is that virtual density of recycled aggregate concrete becoming lower. The decrease of apparent density of recycled aggregate concrete is helpful to reduce the weight of construction buildings and increase the span of construction members. The surface of recycled aggregate is roughness, and its friction resistance is very strong. It is difficult to make recycled aggregate vibration compacting for these friction resistance. The internal defects of recycled aggregate are more than that of natural concrete, and the void ratio of recycled aggregate concrete is also larger relatively [17] . Gas content of recycled aggregate concrete increases with increasing its replacement percentage, and apparent density of recycled aggregate concrete also become lower.
Workability of Recycled Aggregate Concrete
Workability of recycled aggregate concrete refers to the convenient construction operation of recycled aggregate concrete mixture, and it is also called working performance. Workability of recycled aggregate concrete include fluidity, cohesiveness and water retention. Fluidity of recycled aggregate concrete can be estimated by its slump value. Water absorption of recycled aggregate concrete is larger than that of natural concrete. Recycled aggregate can absorbed water and get saturated in very short time. In 10min, water absorption of recycled concreted can get about 80% of that of saturated recycled aggregate. In 30min, this ratio will become 90% and more [18] . As replacement percentage of recycled aggregate increases, the slump value of the mixture decreases, while its cohesiveness and water retention increases. In order to enlarge slump value of recycled aggregate concrete, fly-ash or water reducing agent can be incorporated in it, while cohesiveness and water retention also can be kept unchanged. This was because thin films would be formed after recycled aggregate were treated by putting in polymer solution. Some of polymer solution would penetrate the surface pores of recycled aggregate, it closed or blocked the pore of recycled aggregate. Reducing water absorption rate of recycled concrete will help to improve its liquidity.
Drying Shrinkage
Drying shrinkage of recycled aggregate concrete main relates to the disappear of adsorbed water in cement paste. A large number of studies showed that drying shrinkage degree of recycled aggregate concrete is larger than natural concrete as their mix proportion are the same. Most scholars who research recycled aggregate concrete pay attention to its drying shrinkage. The main reason is that water absorption rate of recycled aggregate concrete is larger than that of natural concrete, and stiffness of recycled aggregate concrete is smaller relatively. Related experiments researches showed that drying shrinkage of recycled aggregate concrete had relationship to the state of its inter aggregate. Because ability of water absorption of recycled aggregate is large and its void is high, its drying shrinkage is larger than that of natural concrete. Both drying shrinkage degree and drying shrinkage sustained time of recycled aggregate concrete increase with increasing its replacement percentage. When replacement percentage of recycled aggregate concrete is more than 50%, its drying shrinkage sustained time is very long.
Mechanical Characteristics of Recycled Aggregate Concrete Axial Static Loading Experiments on Recycled Aggregate Concrete
Recycled aggregate used in the experiments research came from the waste concrete of a defused building which built 20 years age in Wuhan. Recycled aggregate concrete sample blocks were made with those recycled aggregate and other material such as water and sand. Stress-strain curve of recycled aggregate concrete under loading can be got by experiments. Experiments were carried out on a multi-function digital servo testing machine. After experiments the machine could give stress-strain curve automatically. We had made experiments on 6 types of recycled aggregate concrete specimens whose replacement percentage are different in order to get their respective stress-strain curves. Replacement percentage of recycled aggregate concrete is the weight proportion of the recycled aggregate. Value of replacement percentage is the weight of recycled concrete divided by the whole weight of concrete aggregate. The total number of testing blocks was 18. Stress peak, strain peak , elastic modulus and deformation modulus of recycled aggregate concrete under axial loading had been got according to stress-strain curves.
According to the experiments, relationship curve between stress peak and replacement percentage of recycled aggregate concrete can be plotted, which is shown in Figure 1 . Figure 1 shows that peak stress of recycled aggregate concrete decreases with increasing its replacement percentage. The ultimate bearing capacity of recycled aggregate concrete decreases as its replacement percentage increases. When replacement percentage of recycled aggregate concrete is 0%, its peak stress is 29.9MPa. When replacement percentage of recycled aggregate concrete is 30%, its peak stress is 25.4MPa, and its ultimate bearing capacity is 84.9% of that of natural concrete which is completely made of natural congregate.
Relationship among Elastic Modulus, Deformation Modulus and Replacement Percentage of Recycled Aggregate Concrete
According to the experiments, relationship curve between elasticity modulus and replacement percentage of recycled aggregate concrete can be plotted, which is shown in Figure 2 . Figure 2 shows that elastic modulus of recycled aggregate concrete decreases with increasing its replacement percentage. When replacement percentage of recycled aggregate concrete is over 20%, its elastic modulus decreases relatively quickly. When replacement percentage of recycled aggregate concrete is 30%, its elastic modulus is 63.3% of that of natural concrete.
According to the experiments, relationship curve between deformation modulus and replacement percentage of recycled aggregate concrete can be plotted, which is shown in Figure 3 . 
Conclusion
Based on the experiments on physical and mechanical characteristics of recycled aggregate and the analysis about the experiments results, the following conclusions can be drawn:
1. The higher replacement percentage of recycled aggregate concrete, the lower its bulk density. Gas content of recycled aggregate concrete increases with increasing its replacement percentage, and apparent density of recycled aggregate concrete also become lower.
2. As replacement percentage of recycled aggregate increases, the slump value of the mixture decreases, while its cohesiveness and water retention increases.
3. Both drying shrinkage degree and drying shrinkage sustained time of recycled aggregate concrete increase with increasing its replacement percentage.
4. Peak stress of recycled aggregate concrete decreases with increasing its replacement percentage. The ultimate bearing capacity of recycled aggregate concrete decreases as its replacement percentage increases.
5. Elastic modulus of recycled aggregate concrete decreases with increasing their replacement percentage. When replacement percentage of recycled aggregate concrete is over 20%, its elastic modulus decreases relatively quickly.
6. The variation characteristics of both deformation modulus and elastics along with their replacement percentage are similar. Both of them decrease with increasing their replacement percentage. Deformation modulus of recycled aggregate concrete is more sensitive to the variation of its replacement percentage.
